In the past a few decades, particular interest has been focused on the distribution and interaction between toxic and essential elements in animals and humans, since such interactions might have adaptive implications to environmental pollution. The current study was performed to assess the correlation of elemental concentration with age and the correlation between toxic and essential elements in Koreans. Toxic elements, such as Cd, Pb, Hg, and essential elements such as Se and Zn, were analyzed in internal organs (liver, kidney cortex, kidney medulla, heart, lung, spleen, cerebrum, testis and bone) of 162 Korean cadavers. The tissues were digested with a microwave digestion system and the 5 elements were determined by inductively coupled plasma atomic emission spectrometry. Positive correlation with age was observed in the following cases: Cd in the liver, kidney cortex, kidney medulla, heart and testis; Pb in testis and bone. The concentration of Hg, Se and Zn was not correlated with age in any of the tissues tested. A significantly high correlation between Hg and Se, Pb and Se was observed in liver, kidney cortex, kidney medulla, heart, lung, spleen, cerebrum, testis and bone. The correlation between Cd and Zn was significant in the liver, kidney cortex, kidney medulla, heart, lung, cerebrum, testis and bone. These results indicate that the distribution of toxic elements is similar to that of essential elements in all tissues.
INTRODUCTION
Trace elements in the body may be divided into two classes depending on whether levels are maintained by some biological process. Where levels are maintained, the elements are essential. The others, due to contamination from food or environment, are termed nonessential. 1) Because heavy metal concentrations in human body may vary with food or environment, it is very difficult to establish standard values or a range of standard values for heavy metals in human tissues. Tissue concentration of heavy metals, and the interaction between essential and other metals, have been studied extensively in many countries. [1] [2] [3] [4] [5] [6] [7] [8] [9] Selenium (Se) is an essential trace element for human and is well known as a modifying factor in the toxicity of metal compound. Many studies support the close correlation between Se and cadmium (Cd) or mercury (Hg). [10] [11] [12] [13] [14] [15] [16] Animal experiments have also indicated an interaction between Se and Cd. These experiments show that Se prevents the acute damaging effect of Cd on rat tissues. [17] [18] [19] However, there is no information on the interaction between toxic and essential elements in Korean. The purpose of this study is to measure the levels of Cd, Hg, lead (Pb), Se and zinc (Zn) in the internal organs and to determine any correlation with age and interrelationship between toxic and essential elements in Korean humans who lived in Seoul or its satellite cities.
MATERIALS AND METHODS
Preparation of Samples ---The human tissues analyzed were obtained from autopsied cadavers, og forwho had lived in Seoul or its satellite cities and whose ages ranged from 13 to 87 years. They were subject to undergoing forensic medical examinations at the National Institute of Scientific Investigation of Korea, from December 1998 to November 2000. The numbers of male and female cadavers were 102 and 60, respectively ( Table 1 ). All cadavers were selected randomly. Nine organs (liver, kidney cortex, kidney medulla, cerebrum, heart, lung, spleen, bone and testis) were removed from different subjects. The tissue samples were stored at a temperature below -30°C before analysis. Analytical Methods ---Analytical steps were performed according to the procedure described earlier. 20 ) A 1.0-2.0 g portion of sample was digested with 6 ml of concentrated nitric acid and 1 ml of *To whom correspondence should be addressed: College of Pharmacy, Sungkyunkwan University, 300 Chunchun-dong, Jangan-Ku, Suwon, Kyunggi-do 440-746, Korea. Tel.: +82-31-290-7714, Fax: +82-31-292-8800, E-mail: khchung@skku.ac.kr hydrogen peroxide in a sealed teflon vessel (Milestone s. r. l., mls 1200 mega, Italy) and diluted with distilled water. Cd, Pb, Hg, Se and Zn were determined by inductively coupled plasma atomic emission spectrometry (ICP-AES, Thermo Jarrell Ash Co., Atomscan25, U.S.A., Table 2 ). The reagent blanks and standard solutions were treated in a manner identical to that for the samples. Statistical Methods ---Students t-test and calculation of Pearson's correlation coefficients were conducted using the SPSS program. Table 3 shows the arithmetic mean of the elemental concentration of Korean liver, kidney cortex, kidney medulla, cerebrum, heart, lung, spleen, bone and testis expressed in micrograms per gram wet weight. When the concentration was below the detection limit, the value of zero was substituted to calculate the mean. The highest concentration of Cd was found in the kidney cortex and medulla, which was ten fold higher than in the liver. These values determined in kidney and liver were higher than those in Chinese or European people reported in the literature, 5, 21) but lower than in Japanese people.
RESULTS AND DISCUSSION

2,3,7)
Large amounts of Hg and Pb were found in the bone. Mercury had a tendency to decrease in the following order: kidney cortex, kidney medulla, liver, lung, spleen, heart, cerebrum and testis. The highest concentration of selenium was found in kidney cortex. Considerable amounts of Zn were detected in all organs. Higher concentrations of zinc were found in bone, kidney cortex, kidney medulla and liver. The concentrations of selenium and zinc in organs were generally in good agreement with the values previously reported for Japanese. 7) In the kidney, elemental concentrations were higher in the cortex than in the medulla. Table 4 shows the age-related variations in the elemental concentrations in the organs. Positive correlation with age was observed in the following cases: Cd in the kidney cortex, kidney medulla ( Fig. 1) , liver, heart and testis; Pb in testis and bone. Table 5 summarizes the correlation coefficients between toxic and essential elements in Korean tissues. In the case of Cd, this element correlated strongly with Zn in most fo the organs tested. The significantly positive correlations between Cd and Zn, particularly those in kidney cortex and medulla (Fig. 2) , may indicate the involvement of metallothionein in the accumulation of Cd in the kidney, as has been previously reported. 7, 22) Mercury and selenium were also significantly correlated in most organs tested. Correlations between the concentration of Hg and Se in the kidney cortex and medulla are shown in Fig. 3 . The correlation between Hg and Se has been reported in human and animals. [7] [8] [9] [23] [24] [25] [26] Lead and selenium were also significantly correlated in all organs tested.
From the present study, high correlations between essential elements, such as Se, Zn, and toxic elements, such as Cd, Hg and Pb, were observed in Korean organs. These results might be a reflection of the protective effects of essential elements against toxic elements.
In conclusion, The amounts of Cd, Hg, Pb, Se and Zn in the internal organs were determined by ICP-AES in 162 Korean cadavers of former residents of Seoul or its satellite cities. The highest concentration of Cd was found in the kidney cortex and medulla. Mercury and lead were found in large quantities in the bone. The highest concentration of Se was found in the kidney cortex, and considerable amounts of Zn were detected in all organs. Positive 
Fig. 1. Correlation between Age and Cd Concentration in Kidney Cortex (A) and Kidney Medulla (B)
All correlations are significant at 1%. correlation with age was observed in the following cases: Cd in kidney cortex, kidney medulla, liver, heart and testis; Pb in testis and bone. Significantly positive correlations were observed between Hg and Se, Pb and Se, Cd and Zn in most tissues. These results reflect the protective effects of essential elements against toxic elements in human organs.
